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1. Introduction & Motivation
https://www.microtrac.com
G. G. Stokes
*A.C. Barbati, et al., "Complex fluids and hydraulic fracturing“, Annual review of chemical and biomolecular
engineering, 7, 415, 2016.
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2. Numerical Approach
Structural length scales 
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= 𝜵𝜵.𝜫𝜫 + 𝜌𝜌𝒈𝒈 → 𝜫𝜫 = −𝑝𝑝𝑰𝑰 + 𝝈𝝈𝒔𝒔 + 𝝈𝝈𝒑𝒑
But need to know expressions 
for 
1- Drag force 
2- Hindrance effect (due to 








3. Direct Numerical Simulations





4. Case Study 1 | Annular flow
1% volume spherical particles (D = 200 
𝜇𝜇𝑚𝑚) in Newtonian oil, with density ratio 
2.6. 
Performed by Agathe Robisson, SLB 
in a donut shape geometry (as a proxy for 
horizontal well) filled with Newtonian oil, 10 





4. Case Study 1 | Annular flow
# particles = 125,000
Vol. fraction = 1%
3D simulation/visualization
g
*C. Fernandes, et al., “Validation of the CFD-DPM solver DPMFoam in OpenFOAM through analytical, numerical and
experimental comparisons”, Granular Matter, 20, 64, 2018.
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5. Case Study 2 | Rectangular channel flow
*S. Meeker, et al., “Proppant transport in a Newtonian fluid under laminar flow”, Society of Petroleum Engineers, 25, 2020.
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5. Case Study 2 | Rectangular channel flow
Newtonian Fluid Newtonian Fluid + Proppant Particles
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Direct numerical simulations (DNS) of random arrays of spherical particles immersed in Newtonian
and viscoelastic liquids were performed using a finite-volume method.
As a proof-of-concept, the newly-developed solver was assessed in terms of accuracy in two case
studies. First, the segregation phenomena which occurs when creating casing for horizontal wells in
an annular domain. Second, the proppant transport sedimentation was also studied in a long
channel of rectangular cross section.
An approximate closed form model was developed for the drag force obtained from numerical
simulations of the unbounded flow of an Oldroyd-B fluid past random arrays of spheres
An Eulerian-Lagrangian solver for particle-laden viscoelastic flows was developed in the open-
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